Parallel pathways in RAF-induced senescence and conditions for its reversion.
We developed a clonal WI-38hTERT/GFP-RAF1-ER immortal cell line to study RAF-induced senescence of human fibroblasts. Activation of the GFP-RAF1-ER kinase by addition of 4-hydroxy-tamoxifen led to a robust induction of senescence within one population doubling, accompanied by the assembly of heterochromatic foci. At least two pathways contribute in parallel to this senescence leading to the accumulation of p15, p16, p21 and p27 inhibitors of cyclin-dependent kinases (CKIs). Cells that traversed S phase after RAF1 kinase activation experienced a replicative stress manifested by phosphorylation of H2AX and Chk2 and synthesis of p21. However, about half the cells in the population were blocked without passing through S phase and did not show activation of DNA-damage checkpoints. When the cells were cultivated in 5% oxygen, RAF1 activation generated minimal reactive oxygen species, but RAF-induced senescence occurred efficiently in these conditions even in the presence of anti-oxidants or inhibitors of DNA checkpoint pathways. Despite the presence of heterochromatic foci, simultaneous knockdown of p16 and p21 with inactivation of the GFP-RAF1-ER kinase led to rapid reversion of the senescent state with the majority of cells becoming competent for long-term proliferation. These results demonstrate that replicative and oxidative stresses are not required for RAF-induced senescence, and this senescence is readily reversed upon loss of CKIs.